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Renal localization of the constitutive 73-kDa heat-shock protein in
normal and PAN rats. We purified the constitutive 73-kDa heat-shock
protein (11SP73) from the bovine brain, and produced a specific
antibody against the protein in a rabbit. On immunoblotting, the
antibody cross reacted only with a protein band with a molecular mass
of 73 kDa in a crude extract from normal rat kidneys, which was
regarded as rat renal HSP73. The intrarenal immunohistochemical
distribution of HSP73 was examined by using this antibody, on both
normal rat kidneys and kidneys with puromycin aminonucleoside
nephrosis. HSP73 was predominantly present in epithelial cells of the
glomeruli and the tubules. In normal kidneys, HSP73 was generally
localized in both the cytoplasm and the nucleus of these epithelial cells,
except for proximal tubular epithelial cells. On the other hand, in
kidneys with puromycin aminonucleoside nephrosis, HSP73 accumu-
lated in the cytoplasm at a level higher than in the nucleus in association
with the severity of renal dysfunction and proteinuria. These findings
indicate that HSP73 is mainly expressed in glomerular and tubular
epithelial cells in the kidney under a physiological condition, and that its
expression changes from the nucleus to the cytoplasm under patholog-
ical conditions such as a protein overload to these epithelial cells.
Heat-shock proteins (HSPs) are rapidly synthesized in cells
in response to a variety of stresses such as elevated tempera-
tures and toxic agents, and are highly conserved proteins
among species [1]. HSPs are now classified into three families
according to their functions or molecular sizes, that is the
HSP9O family, the HSP7O family, and the low-molecular-weight
HSP family [2].
Among the three HSP families, the HSP7O family has been
studied well. The constitutive 73-kDa HSP (HSP73)1 [3], alias
70-kDa heat-shock cognate protein (HSC7O) [4], is a major
member of the HSP7O family, which is expressed in a consid-
erable amount in cells under a normal state. The HSP7O family
has nuclear targeting signals in the molecule [51. On a cultured
cell system, it has been shown that the distribution of HSP73
shifts from the cytoplasm to the nucleus in cells under stress
conditions [6, 7]. Many proteins are known to transiently
Proteins of the HSP7O family have been called by various names [I,
2]. In the present report, we use the terminology such as HSP73
according to Welch and Feramisco [31.
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interact with HSP73, when they are synthesized. HSP73 is
therefore considered to facilitate the translocation of proteins
across microsomal membranes [8]. HSP73 also has a binding
property with the steroid hormone receptor, and an inactivated
form of the receptor bound HSP73 is likely to be transported by
HSP73 from the cytoplasm to the nucleus in cells [91. In
addition to the above binding properties, HSP73 forms a
complex with p53, a mutant protein from the nuclear oncogene
p53 [10]. This suggests that HSP73 may regulate the transfor-
mation mechanisms. HSP73 also seems to play an important
role in the immune response, because HSP73 is one of the target
antigens recognized with autoantibodies developed in some
patients with systemic lupus erythematosus [11]. These unique
characteristics of HSP73 suggest that the protein may have
various essential functions in cells under both normal and stress
conditions. Thus, it would be important to investigate the
expression level of HSPs in tissues under pathological condi-
tions in vivo. Such investigations were recently carried out on
an animal model for ischemic renal disease [12] and ischemic
heart disease [131.
In this study, we produced a specific antibody against HSP73,
and observed the immunohistochemical localization of HSP73
in both normal rat kidneys and kidneys with puromycin amino-
nucleoside nephrosis, a model for nephrotic syndrome. HSP73
was distributed mainly in both the cytoplasm and the nucleus of
glomerular and tubular epithelial cells with a regional heteroge-
neity in normal kidneys. On the other hand, a higher expression
of HSP73 was observed in the cytoplasm than in the nucleus of
these epithelial cells in the diseased kidneys.
Methods
Purification of HSP73 and antibody production
A mixture of HSP73 and HSP72 was purified from the bovine
brain by ammonium sulfate fractionation, DEAE-cellulose
chromatography, and ATP-Sepharose chromatography as pre-
viously described [14]. HSP73 and HSP72 in the mixture were
separated on sodium dodecyl sulfate (SDS)-polyacrylamide
gels. HSP73 protein bands were cut, and then HSP73 was
electrophoretically eluted from the cut gels by using a Sample
Concentrator (Model 1750; Isco Inc., Lincoln, Nebraska,
USA). After the purity was ascertained again on the gel
electrophoresis, the eluted HSP73 was used as an antigen. One
mg of the antigen was emulsified in the Freund's adjuvant, and
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injected into a rabbit subcutaneously. Booster shots were given
three times in the same manner as the original injection at
two-week intervals. The rabbit was bled 10 days after the last
injection. Serum IgG was purified from the immunized rabbit by
using DEAE-Affi gel blue as described by Bio-Rad Laboratories
(Richmond, California, USA). Normal rabbit serum IgG was
also purified by the same method. These serum IgG fractions
were concentrated by ammonium sulfate fractionation (70%
saturation). The samples were then dialyzed against phosphate-
buffered saline (PBS; 10 m phosphate buffer, 0.15 M NaCI, pH
7.4), and these protein concentrations were adjusted (5 mg/mI).
SDS-polyacrylamide gel electrophoresis and immunoblotting
SDS-polyacrylamide gel electrophoresis was carried out by
the system of Laemmli [15]. Gels were stained with Coomassie
brilliant blue R-250. Immunoblotting was performed by using
the method of Towbin, Staehelin and Gordon [16]. For the first
antibody, we used serum from a rabbit immunized with the
purified bovine brain HSP73 at a dilution of 1:1000. For the
second antibody, we used peroxidase-conjugated anti-rabbit
IgG (Bio-Rad) at a dilution of 1:1000.
Animals and an experimental model of puromycin
aminonucleoside nephrosis
The experimental design for puromycin aminonucleoside
nephrosis was performed by the slightly modified method of
Glasser, Velosa and Michael [17]. Male Sprague-Dawley rats
weighing 150 g were purchased from Shizuoka Agricultural
Cooperative Association for Laboratory Animals (Hamamatsu,
Japan), and they were divided into two groups. Thirty-six rats
in group 1 were administered intraperitoneal injections of
puromycin aminonucleoside (Sigma Chemical Co., St. Louis,
Missouri, USA) (15 mg/kg) for seven days, and after the
following 14 day recovery period, the same procedure was
done. Thirty-six rats in group 2 were used as a control. They
were administered intraperitoneal injections of physiological
saline. Kidneys from three rats of both groups I and 2 were
obtained at days 0, 5, 7, 10, 14, 21, 28, 31, 35, 38, 42, and 50.
The daily urinary loss of protein was tested by the Biuret
method [18]. Blood was also taken from the subclavian vein of
each rat immediately after a urine collection at the above time
points. Serum creatinine and blood urea nitrogen were mea-
sured by the Jaffe's reaction and the urease reaction (Vision
pack; Dainabot, Tokyo, Japan), respectively.
Renal histology and enzyme immunohistochemisirv
One-sided kidneys were obtained from normal rats and
puromycin aminonucleoside-treated rats at days described
above. They were fixed in formalin and embedded in paraffin for
light microscopy and enzyme immunohistochemistry. The em-
bedded kidneys were then serially sectioned at 3 m. These
sections were deparaffinized and hydrated through xylene and
graded alcohol series. The deparaffinized and hydrated sections
were stained with hematoxylin and eosin, and periodic acid-
Schiff by conventional methods. Before immunohistochemical
staining, the sections were rinsed three times with PBS con-
taining 0.1% Triton X (PBS-T) for five minutes. We stained the
sections by the indirect avidin-biotin complex method [19], by
using a Vectastain Elite kit (Vector Laboratories Inc.. Burlin-
game, California, USA) under the same conditions. The sec-
tions were incubated with 100% methanol containing 0.3%
hydrogen peroxide for five minutes, in order to block the
endogenous peroxidase activity. These sections were rinsed
with PBS-T three times for five minutes. The sections were
blocked from nonspecific binding of endogenous biotin or biotin
binding proteins by a blocking kit. Thereafter, the sections were
incubated with purified rabbit serum anti-HSP73 IgG or with
normal rabbit serum IgG, 250-fold diluted in PBS containing 1%
normal gout serum and 0.1% bovine serum albumin, in a moist
chamber on a rotator overnight at 4°C. The renal sections were
then rinsed with PBS-T three times for five minutes, and were
incubated with the secondary biotinylated anti-rabbit IgG (1:100
dilution) for one hour at room temperature. After washing the
sections with PBS-T three times for five minutes, the sections
were incubated with peroxidase-conjugated avidin (1:50 dilu-
tion) for one hour at room temperature. After further washing
the sections with PBS-T three times for five minutes, the
peroxidase reaction was achieved by incubating the sections
with 0.01% hydrogen peroxide and 0.05% 3,3'-diaminobenzi-
dine tetrahydrochloride in 0.1 NI Tris-HCI buffer (pH 7.2) for
five minutes. The immunohistochemical data were analyzed in
a blinded fashion by an unbiased observer. The staining inten-
sity was classified as follows: none (—), trace (±), weak (+),
moderate (++), or strong (+++).
Preparation of renal proteins from normal and puromycin
aminonucleoside-treated rats
One-sided whole kidneys were obtained from normal and
puromycin aminonucleoside-treated rats at days described
above, and were stored at —80°C until use. These kidneys were
homogenized with 3 volumes of 10 mivi Tris-HCI, pH 7.4, and
were centrifuged at 15,000 g for 20 minutes at 4°C. Equal
amounts of the supernatants were prepared for immunoblot
analyses by using anti-HSP73 antibody. Quantitative densito-
metric measurements of immunoreactive bands among each rat
renal extract were made by a model 1650 scanning densitometer
(Bio-Rad) [20].
Results
Specificity of antibody against HSP73
The profiles of lanes I and 3 in Figure lB of immunoblot
analysis show the high specificity of our antibody against
bovine brain HSP73: this antibody reacted only with a single
protein band of HSP73 in a crude extract from the bovine brain.
It has been shown that HSP73 is a highly conserved protein
from prokaryotic cells to eukaryotic cells. On immunoblotting,
the antibody cross reacted with chicken and rat HSP73, which
were purified from the chicken gizzard and the rat brain
according to our purification method, as well as with bovine
brain HSP73 (data not shown). The antibody also cross reacted
with a protein band with molecular mass of 73 kDa in a crude
extract from normal rat kidneys (Fig. 1B, lane 2). This protein
was regarded as rat renal HSP73, on the basis of its molecular
mass and its immunoreactivity with the anti-HSP73 antibody.
No other protein bands among the rat renal crude extract
reacted with the antibody (Fig. IB, lane 2).
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Fig. 1. Specificity of antibody against HSP73 (A) SDS-polyacry!amide(9%) gel stained with Coomassie brilliant blue R- 250. Numbers on the
left indicate molecular-mass standards (Pharmacia LKB, Uppsala,
Sweden) in kDa. (B) Immunoblotting proved with rabbit antibody
against bovine brain HSP73 and with peroxidase-conjugated anti-rabbit
IgG. Lane 1. Purified bovine brain HSP73. Lane 2. Crude extract from
rat kidney. Lane 3. Crude extract from bovine brain. Procedures are
given in the text.
Urinary protein excretion, blood chemistry, and renal
morphology in rats with puromycin aminonucleoside
nephrosis
Urinary protein excretion in rats in groups 1 and 2 is shown
in Figure 2A. Rats in group 1, the experimental group, began to
develop significant proteinuria on day 7. The amount of urinary
protein reached a peak level on day 14, and decreased on day
21. Following repeat injections of puromycin aminonucleoside
from day 22 for 7 days, more significant proteinuria developed
in rats in group 1, and the peak excretion of urinary protein
occurred on day 35. Blood urea nitrogen and serum creatinine
levels are shown in Figures 2 B and 2 C, respectively. The
profile of the blood urea nitrogen level is similarly paralleled
with that of urinary protein excretion. The serum creatinine
level increased gradually up to day 35, and decreased after this
period.
Renal histological changes appeared from day 10. On day 10,
capillary walls adhered to the Bowman's epithelia (Fig. 3A). On
day 14, the visceral Bowman's epithelia showed vacuolar
degeneration. On day 31, the glomeruti showed vacuolar
changes of epithelial cells associated with adhesions of glomer-
ular basement membranes to the Bowman's capsules (Fig. 3B).
On day 35, glomerular circumferential crescent formations
without mesangial proliferation were frequently observed (Fig.
3C). After this time, crescent formations were organized grad-
ually. The tubulointerstitial appearance was almost intact, but
Time, days
Fig. 2. Time course of urinary protein excretion, blood urea nitrogen,
and serum crearinine in rats with puromycin aminonucleoside nephro-
sis. Profiles of the amount of urinary protein excretion (A), the level of
blood urea nitrogen (B), and the level of serum creatinine (C) are
shown. Experimental designs are described in the text. Values on (A)
through (C) are means of data from three rats treated with puromycin
aminonucleoside (closed circles) and from three control rats (open
circles) at various time periods.
hyaline casts were occasionally observed in the tubules on day
35 (Fig. 3D).
Localization of HSP73 in normal rat kidneys and the
alterations in rat kidneys with puromycin aminonucleoside
nephrosis
On normal rat kidney sections, immunohistochemical local-
ization of HSP73 was observed in glomerular podocytes, the
Bowman's epithelia, and tubular epithelial cells from the prox-
imal tubule to the collecting duct (Fig. 4). Except for the
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Fig. 3. Light microscopic appearance qf rat kidneys wit/i puro/nycin aminonucleoside nephrosis. (A) The capillary walls adhered to the Bowman's
epithelia on day 10 (original magnification, x400). (B) Early segmental sclerosis and hyalinosis appeared on day 31 (x400). (C) Circumferential
cellular crescents developed in the glomeruli on day 35 (x400). (D) 1-lyaline casts were occasionally observed, and the tubulointerstitial appearance
was almost intact on day 35 (x50). (A) through (D) Periodic acid-Schiff staining.
proximal tubule, HSP73 was expressed in both the nucleus and
the cytoplasm of almost all these epithelial cells. On the other
hand, in kidneys with puromycin aminonucleoside nephrosis,
HSP73 accumulated in the cytoplasm at a level higher than the
nucleus in the tubules (Fig. 5 A and E, and Fig. 6 G), except for
the proximal tubule. These alterations were observed from day
14. The HSP73 accumulation in the cytoplasm at the basolateral
side of tubular epithelial cells correlated with the severity of
proteinuria (Fig. 5 A and E), and this HSP73 accumulation
tended to reverse as renal function returned to normal (Fig. 5 C
and G). In the proximal tubule, HSP73 was expressed in both
the nucleus and cytoplasm (Fig. 6E). In addition, HSP73 was
present in cells in mesangial localizations (Fig. 6 A and C) and
cellular crescents in the glomeruli (Fig. 6A). These results are
summarized in Table 1.
Although the immunohistochemical data suggested an in-
crease in HSP73 content in rats with nephrosis, increased
HSP73 bands were not detected by immunoblotting of whole
renal extracts from these rats (data not shown).
Discussion
We have produced a specific antibody against HSP73, and
examined the localization of HSP73 in normal rat kidneys by
using this antibody. We have also investigated the alteration in
its localization in rat kidneys with puromycin aminonucleoside
nephrosis.
In normal rat kidneys, HSP73 was localized in glomerular
epithelial cells, the Bowman's epithelia, and epithelial cells
from the proximal tubule to the collecting duct, HSP73 was
generally present in both the nucleus and the cytoplasm in these
cells, except for cells in the proximal tubule. In the proximal
tubule, HSP73 was predominantly present in the nucleus.
Recently, Matsubara et al 121) reported the localization of
HSP9O, another major HSP, in the normal rat kidney. They
showed that HSP9O was present in glomerular podocytes, the
Bowman's epithelia, and epithelial cells from the distal tubule
to the collecting duct. HSP9O was localized in the cytoplasm,
but not in the nucleus. Our and their observations therefore
demonstrate that major HSPs (FISP73 and HSP9O) are mainly
expressed within epithelial cells among cells composing the
nephron in the normal kidney. However, the localization of
HSP73 is different from that of HSP9O in that HSP73 is present
in the nucleus as well as in the cytoplasm of the tubules. HSP73
seems to play a role in maintaining steroid hormone receptors in
inactive forms for the passage across nuclear membranes 19, 22,
231. Besides, HSP9O is known to inhibit the translocation of
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Fig. 4. Immunohisrochemical localization of
HSP73 in normal rat kidneys. Normal rat
renal sections (x360) focusing on the
glomerulus (A and B), proximal and distal
tubules (C and D), the Henle's loops (E and
F), and collecting ducts (G and H) were
stained by the indirect avidin-biotin complex
method as described in the text. (A, C, E, and
0) Sections incubated with rabbit anti-HSP73
IgG. (B, D, F, and H) Control sections
incubated with pre-immune rabbit IgG. (A)
Immunoreactivity against anti-HSP73 antibody
is observed in both the cytoplasm and the
nucleus of glomerular podocytes and the
Bowman's epithelia. (C) Immunoreactivity
against anti-HSP73 antibody is observed in
the nucleus of some cells of proximal tubules,
and in both the cytoplasm and the nucleus of
cells of almost all distal tubules. (E and G)
Immunoreactivity against anti-HSP73 antibody
is observed in both the cytoplasm and the
nucleus of cells of the Henle's loops and
collecting ducts, except for a few cells in the
Henle's loops,
steroid hormone receptors from the cytoplasm to the nucleus that HSP73 accumulated at the basolateral side of the cyto-
24j. Therefore, the difference of the intracellular localization plasm in association with the severity of renal dysfunction and
between HSP73 and HSP9O in renal epithelial cells may reflect proteinuria in rats with nephrosis. In these kidneys, HSP73 may
their functions. redistribute from the nucleus to the cytoplasm, or be synthe-
In rat kidneys with puromycin aminonucleoside nephrosis in sized in the cytoplasm more than in the normal state. This
which massive proteinuria developed, HSP73 was expressed in alteration may be related to functions of tubular epithelial cells,
the cytoplasm of tubular epithelial cells, especially among the for example, the reabsorption of massive proteinuria, or the
distance from the }Ienle's loop to the collecting duct, at a level protection of the tubules from massive proteinuria. Since HSPs
higher than in the nucleus from day 14. There was a tendency are induced by a variety of toxic agents [2], there is a possibility
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Fig. 5. Alterations of immunohistochemical
localization of HSP73 in renal distal tubules
in rats with puromycin aminonucleoside
nephrosis. (A and B), (C and D), (E and F),
and (6 and H) are renal sections from rats at
days 14, 21, 35, and 50 after the induction of
puromycin aminonucleoside nephrosis,
respectively. All the sections (x345) focusing
on the distal tubules were stained by the
indirect avidin-biotin complex method as
described in the text. (A, C, E, and G)
Sections incubated with rabbit anti-HSP73
IgG. (B, D, F, and H) Control sections
incubated with pre-immune rabbit IgG. (A)
Immunoreactivity against anti-HSP73 antibody
is observed in the cytoplasm of cells of distal
tubules on day 14. The immunoreactivity
shows a greater intensity at the basotateral
side of the distal tubular cells than at the
luminal side. (C) Immunoreactivity against
anti-HSP73 antibody is observed in the
cytoplasm and nucleus of cells of distal
tubules on day 21, but the reactivity is
stronger in the cytoplasm than in the nucleus.
(E) Immunoreactivity against anti-HSP73
antibody is observed again in the cytoplasm at
the vasolateral side of distal tubular cells on
day 35. (G) Immunoreactivity against anti-
HSP73 antibody is observed in both the
cytoplasm and the nucleus, at almost the
same intensity, of cells of distal tubules on
day 50.
that the direct effect of puromycin aminonucleoside may also
contribute the alteration of renal HSP73 localization in rats
treated with this agent. On the other hand, in experiments on
cultured cells, HSP73 migrates from the cytoplasm into the
nucleus after heat shock [6, 7]. This difference between in vivo
and in vitro observations is uncertain, but it is clear that HSP73
cellular crescent formation. This may result from the modified
administration of puromycin aminonucleoside into rats: a tim-
ing of the additional administration after the recovery period
was one week earlier than the original method [17j. Cells within
crescents also expressed HSP73 in the cytoplasm and the
nucleus.
can move from the nucleus to the cytoplasm of cells, or from Thus, HSP73 is likely to have important functions in glomer-
the cytoplasm to the nucleus, under various conditions. ular and tubular epithelial cells in the kidney under both
The characteristic morphological change in rat kidneys with physiological and pathological conditions such as a protein
puromycin aminonucleoside nephrosis induced in this study is a overload to the nephron. Renal tubular epithelial cells have
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Fig. 6. Inznunohistoche,nical localization of
HSP73 in rat kidneys with puromycin
aminonucleoside nephrosis. Diseased rat renal
sections were obtained at day 35 after the
induction of nephrosis. (A through D), (E and
F), and (G and H) focus on the glomerulus,
proximal tubules, and both the Henle's loops
and collecting duct, respectively. (A, C, E,
and G) Sections incubated with rabbit anti-
HSP73 IgG, (B, D, F, and H) Control sectiotu
incubated with pre-immune rabbit IgG. (A)
Immunoreactivity against anti-HSP73 antibody
is observed in both the cytoplasm and the
nucleus of glomerular podocytes and the
Bowman's epithelia, the nucleus of cells in
mesangial localizations, and in the cytoplasm
of organizing crescentic cells (arrowheads)
(x360). (C) The arrowheads indicate the
immunoreactivity in the nucleus of cells in
mesangial localizations (X900). (E)
Immunoreactivity against anti-HSP73 antibody
is observed in both the cytoplasm and nucleus
of proximal tubular cells (X 360). (G)
Immunoreactivity against anti-HSP73 antibody
is observed in the cytoplasm of cells of the
Henle's loops and collecting duct, especially
at the basolateral side (x360).
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mineralocorticoid receptors, which mainly control sodium ion
reabsorption and water balance. The mineralocorticoid recep-
tor is known to have a kinship with the glucocorticoid receptor
structurally and functionally 25]. Since glucocorticoid recep-
tors associate with HSP73 [23], it is considered that mm-
eralocorticoid receptors may also associate with HSP73. HSP73
in the kidney may have some important roles in the control of
these electrolyte metabolisms by interacting with mineralocor-
ticoid receptors. Also, HSP73 is an ATP-binding protein [31.
HSP73 has a general affinity for denatured or abnormal proteins
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Table 1. Localization of HSP73 in normal rat kidneys and kidneys with puromycin aminonucleoside (PAN) nephrosis
Normal
kidney
Kidney with PAN nephrosis
Day 14 Day 21 Day 35 Day 50
Glomerular podocytes
Cells in mesangial localizations
Bowman's epithelia
Cellular crescents
Proximal tubules
Henle's loops
Distal tubules
Collecting ducts
j nucleus
1 cytoplasm
nucleus
1 cytoplasm
5 nucleus
1 cytoplasm
nucleus
1 cytoplasm
I nucleus
1 cytoplasm
j nucleus
icytoplasm
j nucleus
lcytoplasm
nucleus
icytoplasm
+ +
+
—
—
++
+
+ +
±
++
++
++
++
++
++
+ +
+
+ + +
—
+
+
+
—
+++
+++
+++
+ + + +
+ +
+ + + + + +
— —
++ ++
+ +
+
++
+ +
+ +
± —
+++ +++
+ —
++ +++
+ —
++ +++
+ +
+
+ + +
—
++
+
+
++
+ +
±
++
++
++
++
++
++
The intensity of the immunoreactivity for anti-HSP73 antibody on cells in rat kidneys is graded as negative (—), trace (±), weak (+), moderate
(++), or strong (+++).
produced in cells under stress conditions, and repairs them by
using the energy of ATP hydrolysis [26]. This function of
HSP73 may relate to the protection of cells from the effects of
stresses. Since renal tubular epithelial cells contact continu-
ously with many substances, such as endogenous metabolites,
heavy metals, and plasma proteins filtrated through glomerular
basement membranes, HSP73 may also play some roles in the
protection of tubular cells from the effects of these substances.
Reprint requests to Atsushi Komatsuda, M.D. Third Department qf
Internal Medicine, Akita University School of Medicine, i-i-I Hondo,
Akita-shi, Akita 010, Japan.
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